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doi:10.1016/j.jtcvs.2007.02.029bjective: We sought to determine the effect of elimination of daily routine chest
adiographs on chest radiographic practice in cardiothoracic surgery patients in the
ntensive care unit and the post–intensive care unit ward.
ethods: We used a prospective, comparative study design with an intervention in
28-bed intensive care unit/post–intensive care unit ward (including a 4-bed
edium-care unit) in a university hospital. Cardiothoracic surgery patients were
dmitted to the intensive care unit during a period of 6 months (3 months before
ntervention and 3 months after intervention). Daily routine chest radiographs in the
ntensive care unit were eliminated; all chest radiographs required a clinical indi-
ation. Routine chest radiographs were not performed in the post–intensive care unit
ard, both before and after the intervention.
esults: Before intervention, in the intensive care unit 353 daily routine chest
adiographs and 261 on-demand chest radiographs were obtained in 175 patients;
fter intervention, 275 on-demand chest radiographs were obtained in 163 patients.
efore intervention, in the post–intensive care unit ward 413 on-demand chest
adiographs were obtained in 167 patients; after intervention, 445 on-demand chest
adiographs were obtained in 161 patients. In the intensive care unit the number of
hest radiographs per patient day decreased from 1.8  0.6 to 1.1  0.6. In the
ost–intensive care unit ward the number of chest radiographs per patient per day
as 0.4  0.2, both before and after the intervention. Slightly more unexpected
bnormalities were found in the on-demand chest radiographs after the intervention.
o negative influence on chest radiography timing, length of stay in the intensive
are unit and hospital, and readmission rate was seen.
onclusions: Elimination of daily routine chest radiographs led to a decrease of the
otal number of chest radiographs obtained per patient per day in the intensive care
nit and did not change chest radiography practice in the post–intensive care unit
ard.
hest radiography is the most frequently performed radiology procedure in
intensive care units (ICUs).1 Commonly, chest radiography is performed
routinely as a complement to physical examination of critically ill pa-
ients1,2; such radiographs are taken without any specific reason (so-called daily
outine chest radiographs). Another strategy is the use of chest radiographs on
ndication only; such radiographs are ordered after a change in clinical status or
hange of supportive devices (so-called on-demand chest radiographs). The con-
ensus opinion of the American College of Radiology expert panel is that daily
outine chest radiographs are indicated in patients with acute cardiopulmonary
roblems and patients receiving mechanical ventilation (http://www.acr.org/ [last
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1
CSPssessed August 2006]). This guideline is followed for
any ICU patients, including those after cardiothoracic
urgery, at least in The Netherlands.2
A routine chest radiograph strategy seems debatable in
CU patients because the chest radiograph has only moder-
te accuracy in visualizing opacifications caused by cardio-
ulmonary abnormalities, and chest radiographs can be
uite nonspecific as to cause.3 Moreover, radiographic ab-
ormalities are dependent on ventilator settings at the time
he chest radiograph is taken.4 Until now, a restrictive
trategy has been compared with a daily routine strategy in
nly 2 clinical trials: in these studies the investigators
howed that abandoning daily routine chest radiographs did
ot influence mortality and ICU length of stay (LOS).5,6
Recently, we showed that daily routine chest radiographs
eldom reveal unexpected clinically relevant abnormalities,
nd they rarely cause further action.7 In view of these
ndings, we abandoned daily routine chest radiographs for
ll patients in our ICU, including those after cardiopulmo-
ary surgery. It was feared that the abandoning of daily
outine chest radiographs would result in a sharp increase of
n-demand chest radiographs; in addition, it was speculated
hat many abnormalities would be missed, resulting in an
ncrease of diagnostic value of the latter radiology studies.
n the present study we determined the effect of the above-
entioned change on chest radiography practice in the ICU
nd the post-ICU ward. In addition, we compared the diag-
ostic efficacy of chest radiographs, ICU and hospital LOS,




e designed a prospective comparative study to investigate the
ffect of abandoning daily routine chest radiographs. The study
rotocol was approved by the ethics committee of the Academic
edical Center of the University of Amsterdam. The requirement
o obtain informed consent was waived because this study evalu-
ted 2 commonly applied chest radiography strategies.
etting
he study took place in the 28-bed ICU of the Academic Medical
enter, a university hospital in The Netherlands. The patient
opulation consists of adult cardiothoracic surgery patients. The
CU is a “closed format” department in which patients are under
he direct care of the ICU team, consisting of 8 full–time inten-
ivists, 8 subspecialty fellows, 12 residents, and occasionally 1
Abbreviations and Acronyms
CI  confidence interval
ICU  intensive care unit
LOS  length of stayntern. i
40 The Journal of Thoracic and Cardiovascular Surgery ● JulyThe cardiothoracic post-ICU ward contains a 4-bed medium-
are unit that provides care for post–cardiothoracic surgery pa-
ients after discharge from the ICU; it is hospital policy to admit
hese patients to the medium-care unit of the cardiothoracic sur-
ery ward for at least 24 hours, and thereafter, they are transferred
o a normal bed in the cardiothoracic surgery ward when their
ondition is judged to be stable. The medical team on the post-ICU
ard consists of 6 residents who are supervised by a daily (alter-
ating) supervisor (one of the cardiothoracic surgeons).
atients
atients consisted of all post–cardiothoracic surgery patients ad-
itted after surgical intervention to the ICU in a period of 3
onths before intervention (phase 1) and 3 months directly after
ntervention (phase 2). Per day, 3 to 5 cardiothoracic surgery
atients were admitted to the ICU. All cardiothoracic surgery
atients are transferred to the ICU after the surgical procedure;
fter arrival in the ICU, a chest radiograph is obtained to ensure
roper position of indwelling lines and the endotracheal tube and
o determine the presence of pneumothorax or major atelectasis
these radiographs were considered to be on-demand radiographs).
uring phase 1, daily routine radiographs were obtained between
and 9 AM each day.
rocedure
he intervention consisted of a change in the ordering practice of
hest radiographs: only on-demand chest radiographs were to be
btained. The attending physicians were not blinded for this
hange in strategy; in fact, they were the ones who had to abandon
he daily routine strategy. In addition, there were no standing
rders for chest radiographs starting the new strategy. Each chest
adiograph required a clinical indication, such as admittance to the
CU; insertion of central venous lines, intra-aortic balloon pump,
r tracheal and chest tubes; an increase in oxygen requirement; or
change in pulmonary secretions with or without fever. Only if
ne of these indications was present and after consulting the
upervisor (in case of residents/interns) was an on-demand chest
adiograph obtained.
ata Collection
or all observed patients, data were collected on the type of
ardiothoracic surgery, ICU and hospital LOS, and readmission to
he ICU. For both study phases, the number and timing of chest
adiographs obtained in the ICU were registered. Chest radio-
raphic volume data and timing from the step–down facility were
ollected from day 1 (day of discharge from ICU) until day 7 or
ischarge, whatever came first.
iagnostic Value of Chest Radiographs
or each chest radiograph obtained in the ICU, the subspecialty
ellow, resident, or intern completed a specially developed data
heet, which was printed on the back of the normal radiology
equest form, as described previously.7 Clinically expected abnor-
alities were documented on this data sheet. The attending phy-
ician ticked several options to indicate whether a certain finding
as expected and whether it was “old” (ie, already present on
receding chest radiographs) or “new.” All chest radiographs were
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Padiograph was obtained. Similar to the ICU physicians, the radi-
logist structurally interpreted all chest radiographs as described
reviously (Table 1). If an abnormality was worsening, it was
ategorized as “new.”
For all chest radiographs performed in the post-ICU ward, chest
adiography request forms were scored retrospectively for ex-
ected abnormalities by the researcher. For this, scanned request
orms were retrieved from the hospital information system. The
ame system was used to collect interpretation by radiologists. The
ollowing definitions were used: an expected finding was any new
nding that had been predicted by the attending physician, and an
nexpected finding was any new finding not predicted by the
ttending physician.
able 1. (Expected) findings on daily routine chest
adiographs*
bnormality Specific comment
Severe” atelectasis 2 lobes
arge infiltrates 1 lobe
Severe” pulmonary congestion More than usual postsurgical
changes




Any abnormal air collection
alposition of oropharyngeal
tube
2 cm from carina or above
stem cords
alposition of intravenous lines Tip in right atrium or outside
lumen (pulmonary artery
catheter: tip in right




alposition of gastric tube Tip outside of the stomach
alposition of drains Displacement 5 cm or
outside pleural space
dapted and modified from Graat and colleagues.7 *Abnormalities were
cored by residents or clinical fellows if expected and separately by a
adiologist if present.
able 2. Demographic data
Phase 1
ge (y), mean (SD) 65.4
ale sex (n [%]) 114
CU length of stay (d), mean (SD) 2.5
ength of day 1* (d), mean (SD) 0.47
ype of operation (n [%])
CABG 88
Valve replacement 39
Combination of CABG  valve replacement 27
Other† 21
I, Confidence interval; SD, standard deviation; CABG, coronary artery by
2 AM. †Valve plasty, patch plasty for patent foramen ovale, or procedures for
The Journal of Thoracictatistical Analysis
atient and clinical characteristics were summarized by using
escriptive statistics. Chest radiograph volume is expressed as the
ean ( SD) number of chest radiographs per patient and chest
adiographs per patient day. The samples from phase 1 and phase
and their differences are expressed as differences between pro-
ortions. If suitable, statistical uncertainties are expressed by 95%
onfidence intervals (95% CIs). All calculations were performed
ith SPSS version 12.0.1 software (SPSS, Inc, Chicago, Ill).
esults
atients and Chest Radiographs
e evaluated 338 patients over the 2 periods (patient de-
ographic data are summarized in Table 2). For 6 patients,
ata from readmission were excluded. From patients in the
CU, 536 on-demand chest radiographs were obtained (261
rom 169 patients in phase 1 and 275 from 163 patients in
hase 2). In addition, 353 daily routine chest radiographs
ere obtained from 167 patients in phase 1 (in 2 patients no
aily routine chest radiographs were obtained and daily
outine chest radiographs were not obtained in phase 2). On
he post-ICU ward, a total of 858 chest radiographs were
btained (413 from 167 patients in phase 1 and 445 from
61 patients in phase 2).
olume Data Before and After Abandoning Daily
outine Chest Radiographs in the ICU
n the ICU, the total number of chest radiographs per patient
ecreased after the intervention. In phase 1 3.5  4.3 chest
adiographs per patient were obtained, and in phase 2 this
umber decreased to 1.7  1.2 (mean difference, 1.8; 95%
I, 1.1–2.5). On the post–ICU ward, the total number of
hest radiographs per patient was 2.4  1.4 and 2.8  1.4
n phases 1 and 2, respectively (mean difference, –0.4; 95%
I, –0.7 to –0.1).
In the ICU after the intervention, the number of chest
adiographs per patient per day decreased from 1.8  0.6 to
.1  0.6 (mean difference, 0.7; 95% CI, 0.6–0.8). On the
ost-ICU ward, this number did not change.
175) Phase 2 (n  163) Difference (95% CI)
64.7 (14.1) 0.07 (2.1 to 3.5)
103 (63.2) 0.02 (0.08 to 0.12)
1.8 (1.5) 0.7 (0.04 to 1.42)
0.48 (0.11) 0.01 (0.03 to 0.01)
68 (41.7) 0.09 (0.02 to 0.19)
47 (28.8) 0.07 (0.16 to 0.03)
22 (13.5) 0.02 (0.06 to 0.10)
26 (16.0) 0.04 (0.12 to 0.04)
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1
CSPThere were few changes in distribution of the timing of
hest radiographs in the total period. Figure 1 shows a shift
n distribution of chest radiographs taken on the day of
ransfer only (ie, the first day on the post–ICU ward) and the
omplete period after discharge from the ICU. It shows that
he chest radiographs on the day of transfer in phase 2 were
ll performed during daytime and no longer in the evening
r night. The number of chest radiographs performed on the
ay of transfer increased, although insignificantly, from 8 to
9 for the 3 months in phase 1 and phase 2, respectively.
Analysis of the number of chest radiographs showed no
lear pattern in correlation with the type of surgical
ntervention.
iagnostic Value of Chest Radiographs
n phase 1, 21 daily routine chest radiographs on the ICU
emonstrated 24 new and unexpected abnormalities (5.9%
f all chest radiographs in 10.8% of the patients, Table 3).
n-demand chest radiographs in the same phase revealed 32
ew and unexpected abnormalities (12.0% of all chest ra-
iographs in 16.4% of the patients). Furthermore, none of
he abnormalities expected by the attending physician were
onfirmed by the radiologist (Table 3). Twenty-one chest
adiographs obtained in the post-ICU ward revealed 24 new
nd unexpected abnormalities (7.0% of all on-demand chest
adiographs in 24.7% of the patients). Only 8 of the ex-
ected abnormalities were confirmed to be present by the
adiologist (1.7% of all on-demand chest radiographs in
Figure 1. Left, Shift in distribution of chest radiographs
ward (open bars, phase 1; filled bars, phase 2). The num
increased, although insignificantly, from 8 to 19 for the
distribution of chest radiographs taken during the first
different between the 2 phases of the study. CXR, Che.2% of the patients, Table 3). w
42 The Journal of Thoracic and Cardiovascular Surgery ● JulyIn phase 2, 48 new and unexpected abnormalities were
ound by the radiologists (18.7% of all on-demand chest
adiographs in 29.3% of the patients, Table 3). On-demand
hest radiographs obtained in the ICU showed only 3 new
nd expected abnormalities (1.1% of all on-demand chest
adiographs in 1.2% of the patients). On the chest radio-
raphs obtained in the post-ICU ward, only 5 new and
xpected abnormalities were confirmed (1.1% of all on-
emand chest radiographs in 3.1% of the patients); 36 new
nd unexpected abnormalities were found (9.5% of all
n-demand chest radiographs in 40.3% of the patients,
able 4).
In addition to the significant increase in the number of
ew and unexpected abnormalities, there was a change in
equest behavior by the attending physicians in the ICU. In
hase 2 physicians expected more new abnormalities, as
oted on the request form. In the post-ICU ward, a similar
ncrease in new and unexpected abnormalities was found,
ut the physicians did not change their request behavior
fter the intervention.
Also, with regard to the diagnostic value of chest radio-
raphs, analysis showed no clear pattern in correlation with
he type of surgical intervention.
ffect on LOS in the ICU, LOS in the Hospital, and
eadmission Rate
slight but statistically insignificant decrease in ICU LOS
n on the day of transfer to the post–intensive care unit
of chest radiographs performed on the day of transfer
onths in phase 1 and phase 2, respectively. Right, The
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P.7 days; 95% CI, 0.0–1.4 days); hospital LOS did not
hange (mean difference, –0.2 days; 95% CI. –1.7 to 1.3
ays). The readmission rate was not different between the 2
hases (6% vs 3%; mean difference, 0.03; 95% CI, –0.0
o 0.1).





% (n/N) On deman
Unexpected Expected
ype of abnormality Found Expected
Severe” atelectasis 0.6% (2/353) 0.4% (1/261)
Large” infiltrate 0.8% (3/353) 0.8% (2/261)
Severe” pleural effusion 0.6% (2/353) 0.4% (1/261)
Severe” pulmonary congestion 2.0% (7/353) 0.8% (2/261)
neumothorax 0.3% (1/353) 1.5% (4/261)
ediastinal widening 0 0
alposition of IABP 0 0
alposition of tube 0.6% (2/353) 0
alposition of central venous line 1.4% (5/353) 0
alposition of gastric tube 0 0
alposition of drains 0 0.4% (1/261)
ther 0.6% (2/353) 0.4% (1/261)
otal no. of abnormalities 24 12
otal no. of chest radiographs
with abnormalities
5.9% (21/353) 4.2% (11/261)
otal no. of patients with
abnormalities
10.8% (18/167) 5.9% (10/169)
ABP, Intra-aortic balloon pump. *Number of chest radiographs without e
able 4. Incidence of new abnormalities on 858 chest rad
Phase 1 (n 
Expected, % (n/N)
ype of abnormality Expected Found
Severe” atelectasis 19.6% (81/413) 0.5% (2/41
Large” infiltrate 20.1% (83/413) 0.2% (1/41
Severe” pleural effusion 20.1% (83/413) 0.5% (2/41
Severe” pulmonary congestion 3.4% (14/413) 0.2% (1/41
neumothorax 4.1% (17/413) 0.5% (2/41
alposition of central venous line 0 0
alposition of gastric tube 0 0
alposition of drains 0 0
otal no. of abnormalities 278 8
otal no. of chest radiographs
with abnormalities
27.1% (112/413) 1.7% (7/41
otal no. of patients with
abnormalities
49.1% (82/167) 4.2% (7/16Number of chest radiographs without expected abnormalities. †Number of pa
The Journal of Thoraciciscussion
he present study shows the outcome of elimination of daily
outine chest radiographs in post–cardiothoracic surgery
atients. The number of on-demand chest radiographs only
lightly changed in the ICU or in the post-ICU ward. Al-
and 536 on-demand chest radiographs obtained in the
Phase 2
 261), % (n/N) On demand (n  275), % (n/N)
Unexpected Expected Unexpected
d Found Expected Found Found
0.8% (2/260) 1.8% (5/275) 0 1.5% (4/270)
0 1.1% (3/275) 0 1.5% (4/273)
1.5% (4/260) 3.6% (10/275) 0 2.6% (7/265)
0.8% (2/260) 2.9% (8/275) 0.4% (1/275) 1.9% (5/267)
2.3% (6/257) 2.2% (6/275) 0.4% (1/275) 2.2% (6/269)
1.1% (3/261) 1.1% (3/275) 0.4% (1/275) 0.7% (2/272)
0 0.4% (1/275) 0 0.7% (2/274)
1.5% (4/261) 0.4% (1/275) 0 1.8% (5/274)
2.3% (6/261) 0.4% (1/275) 0 4.0% (11/274)
1.1% (3/261) 0.4% (1/275) 0 0.7% (2/274)
0 0 0 0
0.8% (2/260) 0.7% (2/275) 0 0
32 41 3 48
12.0% (30/250)* 12.4% (34/275) 1.1% (3/275) 18.7% (45/241)*
16.4% (26/159)† 14.1% (23/163) 1.2% (2/163) 29.3% (41/140)†
ed abnormalities. †Number of patients without expected abnormalities.
phs obtained in the post–intensive care unit ward
Phase 2 (n  445)
Unexpected,
% (n/N) Expected, % (n/N)
Unexpected,
% (n/N)
Found Expected Found Found
0.6% (2/332) 19.1% (85/445) 0 0.8% (3/360)
0 20.4% (91/445) 0.4% (2/445) 1.1% (4/354)
2.4% (8/330) 18.2% (81/445) 0.4% (2/445) 2.2% (8/364)
1.8% (7/399) 2.7% (12/445) 0 2.3% (10/433)
1.8% (7/396) 3.1% (14/445) 0.2% (2/445) 2.1% (9/431)
0 0 0 0
0 0 0 0
0 0 0 0.4% (2/445)
24 283 5 36
7.0% (21/301)* 24.0% (107/445) 1.1% (5/445) 9.5% (32/338)*

























7)tients without expected abnormalities.
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1
CSPhough on-demand chest radiographs revealed more unex-
ected new abnormalities, after the intervention, there were
o changes in LOS in the ICU, LOS in the hospital, and
eadmission.
Our study has several important drawbacks that should
e mentioned. First, request behavior by physicians might
ignificantly influence our analysis of the diagnostic value
f chest radiographs. Indeed, physicians were not very
pecific on most of the request forms: 3 abnormalities were
y far the most frequently expected abnormalities (atelec-
asis, infiltrates, and effusion), suggesting that they were
icked together without real suspicion. However, because
his behavior was encountered in both phases, we think it
emains possible to compare the 2 phases.
Second, because of the design of our study, it was not
ossible to collect data concerning the true clinical rele-
ance of the found abnormalities. The clinical value of
ound abnormalities on chest radiographs of ICU patients
as been found to be much lower than the diagnostic value.7
Finally, it must be noted that the present results might not
imply be translated to other centers. Differences in staff
nd patient populations might be of great influence.
Our data are important in the discussion on whether a
aily routine strategy should be replaced by an on-demand
trategy. In our hospital both physicians from the cardio-
horacic surgery department and personnel from the radiol-
gy department feared an increase in the number of on-
emand chest radiographs in the ICU and the post-ICU
ard. In addition, it was argued that potentially important
bnormalities were to be missed when abandoning daily
outine chest radiographs. This was not found in the present
tudy. Indeed, there was only a slight increase in the number
f chest radiographs in the post-ICU ward, and although the
iagnostic efficacy of chest radiographs increased, this
eemed unimportant for patient care because ICU LOS,
ospital LOS, and the readmission rate were similar in the
phases of the study.
Recently, we showed that the diagnostic value of daily
outine chest radiographs in the ICU was low.7 Our results
re in accordance with these findings. The on-demand chest
adiographs in the ICU had a low diagnostic value as well.
fter the intervention, the proportion of on-demand chest
adiographs showing an unexpected abnormality increased
lightly. This might be explained by the fact that all unex-
ected abnormalities that were found on daily routine chest
adiographs in phase 1 were now found in the on-demand
hest radiographs in phase 2. A similar change was found
or on-demand chest radiographs in the post-ICU ward.
ecause there were no negative changes in ICU LOS,
ospital LOS, or the readmission rate, we consider this
light change in absolute number not alarming.
Our data are in line with those of others. Krivopal and
olleagues6 and Price and associates5 both compared a daily
44 The Journal of Thoracic and Cardiovascular Surgery ● Julyoutine chest radiography strategy with a restrictive chest
adiography strategy in the ICU. Krivopal and colleagues6
erformed a randomized control trial to determine differ-
nces in diagnostic, therapeutic, and outcome efficacy be-
ween these 2 strategies. They found no negative effect on
CU or hospital LOS. Price and associates5 performed a
onrandomized controlled study on the financial effect of
hanging chest radiography strategy. After elimination of daily
outine chest radiographs in a pediatric ICU, they found a
ecrease in the number of chest radiographs per patient and an
ccompanying cost saving, while not influencing LOS.
The question of whether cessation of daily routine chest
adiographs leads to an increase in missed cardiothoracic
athology that would have been detected by use of daily
outine chest radiographs is hard to address based on the
ethodology of our study. We can only address this ques-
ion on those patients who actually received an on-demand
hest radiograph at sometime in the postoperative period;
here are no data on patients who failed to receive an
n-demand radiograph postoperatively. However, this issue
as been studied recently in another center.8 In this study, in
hich daily routine chest radiographs were only obtained in
blinded fashion (ie, the radiographs were not presented to
CU physicians), daily routine chest radiographs hardly ever
howed important abnormalities, which is very similar to
he present report and a previous study.
In conclusion, elimination of daily routine chest radio-
raphs in post–cardiothoracic surgery patients in our ICU
id not result in changes in ICU and hospital LOS, nor did
he readmission rate change. The intervention did not result
n any important changes in chest radiography performance
n the ICU and the post-ICU ward.
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